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Summary: Solid phase chemistry can be used for clinical analysis at the bedside, and it is even applicable to
whole blood. We compared precision, accuracy, method linearity, and practicability of two solid phase
chemistry analysers. Reflotron (Boehringer Mannheim, W. Germany) and Ektachem DT 60 (Eastman Kodak
Co, USA). Eight analytes, glucose, cholesterol, triacylglycerols, *urea, uric acid, alanine aminotransferase,
aspartate aminotransferase, and -glutamyltransferase were investigated. The precision of both Instruments
was good. Coefficients of Variation for within run and day to day precision were below 10% for all analytes.
Methods were compared by analysing 88 to 105 patient sera for each investigated analyte on Reflotron, on
Ektachem DT 60 and on a wet chemistry reference Instrument. Linear regression analysis showed good
agreement between wet chemistry and solid phase chemistry results. Coefficients of correlation (r) ranged
from 0.957 to 0.999.
Reflotron and Ektachem are desk top analysers. Reflotron is the smaller Instrument. Currently, it offers 9
analytes and rapid single test perfonnance. Whole blood can be used for all tests. Test Strips can be stored
at room temperature. Ektachem DT 60 has a modular design, and 22 analytes are available. Series of up to
100 tests per hour are possible. Whole blood can be used for the preparation of glucose and haemoglobin
test slides. The slides must be deep frozen for prolonged storage. Reflotron may be suitable for the physician's
office, Ektachem for small laboratories. The problem of quality control has not yet been satisfactorily solved
for either Instrument, äs only analyser-specific control specimens can be used. Reagent costs of solid phase
cheinistry tests are high, especially when large test series are performed. Operation of both Instruments
requires well trained personnel.
0 uc op calculation of results are performed in special ana-
In recent years solid phase cheinistry has been lysers. (1) Users öf these Instruments are very depen-
opposed äs an alternative technology to conventional dent on the manufacturer for choice of methods,
wet cheinistry techniques in clinical chemistry. One reagent quality and Instrument calibration. For this
reason for "altemativity" is development of new desk reason, solid phase chemistry is viewed critically by
top analysers for laboratory testing at the bedside. the conventional school of laboratory medicine.
In solid phase cheinistry preweighed quantities of The historical background (2) shows that solid phase
dried reagents are fixed on carrier materials. When cheinistry is not at all a new technology, its roots
a liquid sample is added, the subsequent chemicäl dating back to the 19th Century (3). From the qualita-
reactions cause a (colour)-intensity change of the tive urine analysis of that time, test strip chemical
reagent carrier. This change is proportional to the testing developed into semiquantitative blood glucose
analyte concentration in the sample, and it is meas- monitoring in the 1960's. Nowdays a broad spectrum
ured by reflectipn densitometry. Measurements and of quantitative solid phase chemistry tests is facili-
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tated by combination of advanced solid phase chemis-
try technology and adapted microprocessor con-
trolled analysers. Several evaluations of these Sys-
tems, involving more than single tests, have been
carried out (4—10). The aim of our study was to
compare precision, accuracy, method linearity and
practicability of two solid phase chemistry analysers,
Reflotron and Ektachem DT 60. We investigated
the analysis of eight analytes, glucose, cholesterol,
triacylglycerols, urea, uric acid, alanine aminotrans-
ferase, aspartate aminotransferase and -glutamyl-
transferase.
urea 0151-0312-3229 / 0151-0222-3644,
uric acid 0551-0029-0872 / 0551-0032-0932,
alanine arninotransferase 6251-0043-5039,
aspartate aminotransferase 4851-0019^5101,
-glutamyl transferase 6751 -0021-5040.
Calibration ; f
Reflotron cannot be calibrated by the operator. Following the
manufacturer's recommendations, we calibrated the. Ektachem
DT 60 before beginning of each part of study. During the
second part we recalibrated once when the Instrument was
moved. Analyte-specific calibration was necessary for choleste-
rol, urea and uric acid äs the slide lot numbers changed.
Lyophilized Ektachem DT 60 calibrators with kit numbers 04,
05, 06 were reconstituted and used according to operator's
manual.
Materials and Methods
Our study was carried out in two parts. During the flrst part
(April to May 1986) we tested three analytes glucose, choleste-
rol and triacylglycerols. In the second part (August to Novem-
ber 1986) two more Substrates, urea, uric acid and the newly
available procedures for the detennination of enzymes alanine
aminotransferase, aspartate aminotransferase and -glutamyl^
transferase were .investigated.
Instruments
Solid phase chemistry analysis was performed on Reflotron
(Boehringer Mannheim GmbH, D-6800 Mannheim 31, W. Ger-
many) and on Ektachem DT 60 (Eastman Kodak Co, Roches-
ter, NY 14650, USA).
Both Instruments are desk top analysers. The modular design
of Ektachem DT 60 consists of a DT-Module for colorimetric
testing, a DTE-Module for potentiometric electrolyte testing
and a DTSC-Module for continuous enzyme assays.
Reflotron uses cellulose reagent carrier "test Strips" (11), Ekta-
chem works with slides consisting of ultrathin multiple film
layers (12, 13, 14). Wet chemistry reference Instruments were a
Parallel (American Monitor Corp, Indianapolis IN 46268,
USA) for cholesterol and triacylglycerols, and a Hitachi 737
(Boehringer Mannheim GmbH, D-6800 Mannheim 31, W. Ger-
many) for other investigated analytes. The Reflotron, Ektachem
DT 60 and Parallel Analyser operate at 37 °C, while the work-
ing temperature of the Hitachi 737 is 25 °C. Results of enzyme
measurements with the Reflotron and Ektachem DT 60 were
scaled to 25 °C by conversion factors (performed by the central
processing units of the Instruments).
Reagent carriers









Lot Nos. of the Ektachem slides:
Glucose 0054-0312-3229,
cholesterol 0851-0057-5027 / 0851-0069-5027,
triacylglycerols 0751-0065-5027,
Precision
For within run precision we anälysed human sera (two concen-
trations for each analyte, except uric acid) ten times on Reflo-
tron and Ektachem DT 60. Day tö day precision was calculated
froin internal quality contföl results obtained düring a seqüence
of ten working days.
Quality control
Daily quality control was performed using analyser-specific
control specimens.
For the Reflotron we used
Precinorm U for Reflotron Lot No. 154313
Precipath U for Reflotron Lot Np. 154315
For the Ektachem DT 60 we used
Ektachem DT 60 Control Lot No. 158400 / 0401400
Control fluids were prepäred according to the instruction
manual. Reconstituted Ektachem DT 60 Control was stored in
aliquots at —20 °C for a maximum period of one month.
Controls for the Reflotron were dissolved every second day
and kept refrigeräted (—4 °C) when not used.
The optical performance of the Reflotron was checked with
grey test Strips (CHEK Strips) every second day. The optical
System of Ektachem was checked by a service technolpgist three
times düring the period of study.
Method comparison
We anälysed between 88 and 105 fresh patient sera, drawn at
random, using the two solid phase chemistry analysecs and the
reference Instrument.
A survey of chemical methods is given in table lf Results from
the solid phase chemistry analysers were compäred .with each
other and with those from the reference Instrument by linear
regression analysis. Statistical data were calculated according
to the standardized principal component model (15).
Linearity
Six point dilution series were prepared according to the measur-
ing ranges of the Reflotron and Ektaehem «DT 60. Fpf each
investigated analyte we diluted a fresh serum pool containing
a high analyte concentration with pool serum containing a low
coücentration in order to obtain six specimens, containing
fractions of 0, 0.20, 0.40, 0.60, 0.80 aiid 1.00 of the high
concentration pool. Each dilution was anälysed in triplicate.
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Tab. 1. Analytical chemical methods of solid phase chemistry analysers and wet chemistry referenee Instruments. Reference
Instruments:
Parallel (Am. Monitor, USA) for cholesterol and triacylglycerols.
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Good precision was found for all eight analytes on
both solid phase chemistry Instruments.
Coefficients of Variation of within run precision
ranged from 1.0% (glucose "high") to 5.1% (urea
"high") on the Reflotron; from 0.6% (glucose "high")
to 9,4% (äspartäte aminotransferase "low") on the
Ektachem DT 60. For day to day precision, coeffl·
cients of Variation lay between 2.4% (glucose) and
8.3% (triacylglycerols) on the Reflotron and between
1.4% (aspartate aminotransferase) and 3.7% (urea)
on the Ektachem DT 60.
Detailed values are shown in tables 2 and 3. There
was no apparent difference between the precision of
the Reflotron and the Ektachem. Enzyme continuous
assays were äs precise äs Substrate determinations.
Within run and day to day precision studies gave
similar results. The striking difference between the
coefficient of Variation of within run and day to
day precision of aspartate aminotransferase on the
Ektachem may be explained by differences between
mean values of samples (11.3 U/l, within run, human
serum) and 132 U/l (day to day, control fluid).
Method comparisons
Good agreement was found between wet chemistry
and solid phase chemistry analyses of human serum.
Plots of linear regression analysis are presented in
figures la-lc, statistical data in table4. Compari-
son of the Reflotron and the wet chemistry referenee
Instrument showed coefficients of correlation (r) be-
tween 0.953 (cholesterol) and 0.998 (alanine amino-
transferase, aspartate aminotransferase); enzyme de-
terminations with the Reflotron showed an even bet-
ter correlation with wet chemistry results.
Coefficients of correlation from the comparative
study of the Ektachem DT 60 and wet chemistry
Instrument ranged from 0.966 (aspartate aminotrans-
ferase) to 0.999 (glucose and -glutamyltransferase).
When results from the two solid phase chemistry
analysers were compared with each other, rather poor
correlations were obtained for two analytes, i. e. as-
partate aminotransferase (r = 0.957) and cholesterol
(r = 0.946). No significant difference was found be-
tween the relative accuracy of measurements of the
Reflotron and Ektachem (Wilcoxon test, = 0.10).
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Methods for Substrate analysis were linear within the
analysis r nge of both Instruments. Table 5 gives an
overview of analytical r nge limits of both solid phase
chemistry analysers. Manufacturer's Claims for lin-
earity of enzyme determinations are different on the
Reflotron and Ektachem DT 60. Linear ranges of
alanine aminotransferase and aspartate aminotrans-
ferase methqds are rather narrow, but were confirmed
by our test results.
According to the manufacturer's Information, the
measuring ranges of alanine aminotransferase, aspar-
tate aminotransferase and y^glutamyltransferase s
given in the Reflotron Operateurs man al are esti-
» r
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20
4 θ 12 16 20
Glucose (Hitachi 737) [mmol/l]
4 8 12 16
Glucose (Hitachi 737) [mmol/l]
20
12.0
0 2.4 4.8 7.2 9.6 12.0
Cholesteral (Parallel) [mmol / l ]
0 24 4.8 7.2 9.6 12.0
Cholesterol (Parallel) [mmol/ l ]
6.0 ~ 7.0
0 1.2 2.4 3.6 4.8 6.0
Triacylglycerols (Parallel) [mrnol/l]
Q 1.4 2.8 4.2 5.6 7.0
Triacylglycerols (Parallel) [mmol/l]
Fig. l a. Comparison of Reflotron .and Ektachem DT 60 with wet chemistry. Analytes: glucose (referencc Instrument Hitachi
737), cholesterol and triacylglycerols (reference Instrument Parallel).
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Urea (Hitachi 737) [ m m o l / D
45 9 18 27 36
Urea (Hitachi 737) [mmot/l]
45
700 700
140 280 420 560 700
Uric acid (Hitachi 737) l/imol/U
140 280 420 560 700
Uric acid (HitacHi 737) Γ/imol/l]
100 200 300 400
Alanine aminotransferase
(Hitachi 737) [U/U
500 100 200 300 400
Alanine aminotransferase
(Hitachi 737) [U/1]
Fig. l b. Comparison of Reflotron and Ektachem DT 60 with wet chemistry. Analytes: lirea, uric acid and alaniine aminotransferase
(reference Instrument Hitachi 737).
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90
18 36 54 72
Aspartate arninotransferase
(Hitachi 737) 101 (]
90 18 36 54 72 90
Aspartate aminotransferase
(Hitachi 737) [ U / l ]
0 60 120 180 240 300
y-Glutamyltransferase (Hitachi 737) T U / U
0 60 120 180 240 300
-Glutamyltransferase (Hitachi 737) [U/U
Fig. l c. Comparison of Reflotron and Ektachem DT 60 with wet chemistry. Analytes: aspartate aminotransferase and -
glutamyltransferase (reference Instrument Hitachi 737).
mated data, due to the lack of appropiate testing
materiäl with high analyte concentration. Also, the
measuring ranges of these anälytes are not identical
with the linear ranges on the Reflotron. Results oüt-
side the linear ranges are flagged pn the display of
the Instrument Nevertheless, in our study the upper
linearity limit of the alanine aminotransferase method
was, not reached with the Reflotron test Strips. As
similar results were obtained during an external eval-
uation trial organized by the producing Company
(16), the upper limits of alanine aminotransferase
measuring ränge on the Reflotron will be revised.
Practicability
Practicability data are summarized in tables 6 and 7
and are discussed in the following paragraph.
Discussion
Solid phase chemistry tests are discussed below with
respect to their reliability, application and cost effec-
tiveness.
Reliability
The results of our study confirm the precision of solid
phase chemistry Instruments. Moreover, results from
the solid phase chemistry methods are in close agree-
ment with those from wet chemistry measurements,
and the linearity of solid phase chemistry methods is
good. Two problerns have to be considered, calibra-
tion and quality control.
In solid phase chemistry a complex mathematical
function describes the nonlinear relationship between
J. Clin. Chem. Clin. Biochem. / Vol. 25,1987 / No. 11
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+ no sample with higher analyte concentration available
* reached upper limit, but flagged on Instrument display (result out of linarity r nge)
Tab. 6. Practicability data of Reflotron and Ektachem DT 60.




































keyboard — messages on display & printout
* depending on number of modules running
Tab. 7. Practicability data continued.














25 °C, 30 °C, 37 °C chpice by switchkey
(operator)




2 or 3 point calibration according
instruction manual
at least every 3 months
LED test Service technologist
analyser-specific control material
37 °C
25 °C, 30 °C, 37 °C programmable by
Service technologist
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analyte concentration and the reflection intensity of
the rcagent carrier. These mathematical functions are
largely the same in Reflotron and Ektachem Systems.
For Ektachem tests calibration curves are stored in
the calibration data module (CDM) which is part of
the central processing unit (CPU) of the analyser.
When calibration is performed, measured values of
calibration sera are compared with assigned values
in the CDM. In this way intercept, slope and curva-
ture of the calibration curve can be adapted to actual
chemical and optical conditions. With one lot of urea
slides, we experienced a systematic drift of results,
without the control values being affected. Therefore
the calibration frequency of the Ektachem DT 60
should be further investigated (17).
For the Reflotron, test-specific calibration data are
stored in magnetic code on test Strips. Changes in
optical environment are equalized by Ulbrichfs
sphere, the essential optical part of the Reflotron
(18). A reference photodiode receives only light re-
flected from inside the sphere which is comparable
to a wet chemistry blank. There is no possibility of
adjustment to chemical changes, such äs test strip
ageing.
Internal quality control on the Reflotron and Ekta-
chem can only be performed with analyser-specific
control fluids. Matrix effects are of considerable in-
fluence (19, 20), since undiluted samples are used in
solid phase chemistry. We tried Precinorm U for
Universal Use, Precipath U for Universal Use
(Boehringer Mannheim GmbH, Mannheim, W. Ger-
many), and Kontrollogen LP (Behring Werke AG,
Marburg, W. Germany) on both Instruments. With
Precinorm U and Precipath U for Universal Use only
urea measurements were within the reference ränge
of the corresponding chemical method. For the otlier
analytes of our study the Reflotron and Ektachem
showed deviations from specified values of H- 3 s to
— 7 s. With Kontrollogen LP better results were ob-
tained. On the Reflotron we found cholesterol and
urea measurements outside the reference ränge, on
the Ekluchcm only urea. Without special control
ranges for the solid phase chemistry analysers, use
of commcrcial control material is diflicult. Extcrnal
quality control for solid phase chemistry was started
in Austria in 1986. The first Reflotron ficld study was
rcali'/ed by Ihc nationul quality assurancc committce
(ÖQUASTA) in June 1986. Fiftccn percent of partici-
pant kiboralories demonstrated one or morc vahics
outside the 4s ränge of the specified valuc1),
') OcMicrrcIchtoehc Gesellschaft Wr Qualitätssicherung und
Sliiiulardi»icrung medizinisch-diagnostischer Untersu-
chungen (ÖQUASTA). -1090 Wien, Währingcrstrassc 10
"Kcflolron i^cldvcmieh" of Jxmc 1", 1986.
A second trial in December 1986 showed a decrease
in the number of rough outliers, but indicated that
there are sources of error in handling samples and
Instruments2).
It should be mentioned that no control values were
available for Precinorm U and Precipath U for the
Reflotron for alanine aminotransferase, aspartate
aminotransferase and uric acid at the time of our
study. Test Strips for these analytes were already sold
commercially.
Application of solid phase chemistry Sys-
tems
Reflotron and Ektachem DT 60 are analysers de-
signed for so called real time analysis (21). mainly in
the physician's office.
No general recommendations can be given by the
authors, with regard to which System is appropiate
for which place. The number of tests per day, the
required parameters, batchwise or single test per-
formance, laboratory equipment and storage facüities
are matters for consideration. Single test results axe
available in about 3 minutes, whereas series are time
consuming on both instruments. Ektachem offers a
greater variety of methods, which makes it suitable
for smaU laboratories or even hospital central labora-
tories for analysis of analytes of low iacidence. If
stored for long periods, the singie sealed Ektachem
slides must be kept at —18 °C, but have to reach
room temperature before use. According to the
manufacturer's recommendaüon they can remaiü at
this temperature for up to 48 hours. The reagent
carrier stability under different conditions will be
subject of a further study in our laboratory. Reflotroii
test Strips can be stored at room temperature. Both
instruments require little maintenance. Advantages
of solid phase chemistry analysers are small sample
volumes (10 or 32 ) and the use of whole blood.
AH Reflotron test Strips can be used with whole
blood, plasma or serum samples, Throughout our
study we used only serum, for reasons related to the
organization in the clinical chemistry department of
a hospital central laboratory. The design of solid
phase chemistry reagent carriers provides a fadlity
for scparating blood cells äs well äs the filtratäon of
intcrfering substanccs. On the other band, the flow
properties of the sample liquid are imporant, and
Diiroetors of triaJ: Univ, , Dr, M. M, Müller^ Uiüv, Prof.
Or, & A'ator,
ÖQUASTA - "Rcüotron-Fcldvcrsuch" Dcccmbcr 10lh,
, Orä\\ Puöt DnDirectory Univ. Prof. Dr, M, M.
0 Kaiser*
^ Olin. Chom. Oin. fticvchonv / Vol, ̂ 5,1^7 / No.
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application of an undiluted sample increases the pos-
sibility of endogenous and exogenous interferences
(7, 22, 23, 24).
Costs
Reagent costs of solid phase chemistry tests are two
to ten times higher than those of wet chemistry serial
tests. The simplicity of operating solid phase chemis-
try analysers is often emphasized. Nevertheless, high
reagent costs of solid phase chemistry tests, which
become more important äs the size of the test series
increases (25) cannot be regained by lowering person-
nel costs. Well trained personnel are required to oper-
ate both the Reflotron and the Ektachem DT 60 (26).
The benefit of a quick bedside result is diminished if
implausible values arising from incorrect handling
have to be reinvestigated in the routine laboratory.
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